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PROCESS FOR FABRICATING A 
SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to Japanese application No. 
HEI9(1997)-335396, ?led on Dec. 5, 1997 Whose priority is 
claimed under 35 USC § 119, the disclosure of Which is 
incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a process for fabricating 
a semiconductor device, more particularly, to a process for 
fabricating a semiconductor device Which enables a device 
isolation region of the semiconductor device to be formed 
?at so as to have a uniform thickness. 

2. Description of Related Art 
A conventional process of forming a device isolation 

region in a semiconductor device is described beloW. 

First, referring to FIG. 5(a), a pad oxide ?lm 702 and an 
etching-stop layer 703 are formed in sequence on a P-type 
semiconductor substrate 701. Then, using a resist 708 as a 
mask, the etching-stop layer 703 and the pad oxide ?lm 702 
are removed by etching from a region to be a device 
isolation region. 

Subsequently, as shoWn in FIG. 5(b), using the resist 708 
as a mask, the semiconductor substrate 701 is further etched 
to form a trench 704. After the resist 708 is removed, a 
second thin oxide ?lm 705 is formed in the trench 704 by 
thermal oxidation. 

Further, as shoWn in FIG. 5(c), an insulating ?lm 706, 
Which is to be a buried insulating ?lm, is formed on the 
resulting semiconductor substrate 701. Here, the surface 
706a of the insulating ?lm 706 on and around the etching 
stop layer 703 is higher than the surface of the insulating 
?lm 706 in other regions. 

Then, as shoWn in FIG. 5(a) the surface of the insulating 
?lm 706 is polished by a CMP method until the surface 703a 
of the etching-stop layer is exposed. Thereby, a device 
isolation region can be formed of the buried insulating ?lm 
707 Whose surface is ?at. 

HoWever, degree of ?atness of the buried insulating ?lm 
obtained by the above-described method depends greatly on 
a pattern in Which device isolation regions, active regions 
and the like are con?gured. 

More particularly, Where the trench has a large Width (i.e., 
the device isolation region is Wide), the insulating ?lm 704, 
especially in a central portion M of the trench 704, is 
polished into a thin ?lm, as shoWn in FIG. 6. That is, there 
arises a problem of a so-called dishing phenomenon. As a 
result, the insulating ?lm 706 becomes thinner Where the 
device isolation region has a large Width, While the insulat 
ing ?lm 706 is thicker Where the device isolation region has 
a small Width. That leads to unevenness of the surface of the 
insulating ?lm 706 and makes it difficult to perform a pattern 
for interconnections or the like to be formed thereon later. 
Besides, the thinned insulating ?lm 706 brings about the 
problem that capacity increases betWeen the substrate and 
interconnections, Which results in a delay in operation of 
circuitry. 

Also as illustrated in FIG. 6, When the insulating ?lm 706 
is polished so that an area Where active regions are densely 
formed is ?attened, the etching-stop layer 703 is completely 
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2 
polished aWay and the surface of the semiconductor sub 
strate 701 is also polished Where active regions are isolated 
and narroW. As a result, there arises a problem in that electric 
properties of devices formed thereon deteriorate. 

Furthermore, as shoWn in FIG. 7, in the case Where an 
active region of different Width co-exists, the insulating ?lm 
706 is not completely polished aWay by the CMP method in 
an area including a Wide active region, While in an area 
including a narroW active region, not only the insulating ?lm 
706 but the etching-stop layer 703 is completely removed 
even in the middle of the polishing process. 

To cope With this problem, Japanese Unexamined Patent 
Publication No. HEI 8(1996)-46032 proposes a method for 
?attening the surface of device isolation regions by rela 
tively simple steps. 

According to this method, as shoWn in FIG. 8(a), a pad 
oxide ?lm 102 and an etching-stop layer 103 of polysilicon 
are deposited on a P-type semiconductor substrate 101, ?rst. 
Then, the etching-stop layer 103,the pad oxide ?lm 102 and 
the semiconductor substrate 101 in a device isolation region 
to-be are sequentially etched using a resist (not shoWn) as a 
mask to form a trench 104 in the semiconductor substrate 
101. Thus a mesa portion is formed on the semiconductor 
substrate 101. Then, the resist is removed. 

Subsequently, as shoWn in FIG. 8(b), a second thin oxide 
?lm 105 is formed on the entire surface of the resulting 
semiconductor substrate 101 by thermal oxidation. Aburied 
insulating ?lm 106 is formed by a bias ECR (electron 
cyclotron resonance) method, and an etching-stop layer 107 
of polysilicon is further deposited. 

Then, as shoWn in FIG. 8(c), a convex portion of the 
etching-stop layer 107 is ?attened by a silicon polishing 
technique to expose the surface of a convex portion of the 
buried insulating ?lm 106. 
As shoWn in FIG. 8(a) the buried insulating ?lm 106 is 

etched by an RIE (reactive ion etching) method using the 
etching-stop layer 107 as a mask to expose the etching-stop 
layer 103. 

Further, as shoWn in FIG. 8(c), an exposed portion of the 
etching-stop layer 103 as Well as the etching-stop layer 107 
are removed. 

By the above-described steps, a protruding portion 109 of 
the buried insulating ?lm 106 and a remaining portion 110 
of the etching-stop layer 103 are formed on the mesa portion 
of the semiconductor substrate 101. 

Then, as shoWn in FIG. 80‘), the surface of the resulting 
semiconductor substrate 101 is polished to be ?attened. It is 
noted that, in the polishing process, a portion having a small 
area can be readily polished because the small-area portion 
receives a higher polishing pressure. Therefore, the protrud 
ing portion 109 of the buried insulating ?lm 106 and the 
remaining portion 110 of the etching-stop layer 103 can be 
easily removed regardless of irregularities on the surface of 
the semiconductor substrate 101. 

In this method, hoWever, When the convex portion of the 
etching-stop layer 107 is ?attened to expose the convex 
portion of the buried insulating ?lm 106 as shoWn in FIG. 
8(c), the dishing phenomenon takes place and the buried 
insulating ?lm 106 in the trench 104 is exposed if the trench 
104 has a large Width (the device isolation region is Wide) as 
shoWn in FIG. 9(a). 
As a result, as shoWn in FIG. 9(b), the exposed portion of 

the buried insulating ?lm 106 is etched at the later etching 
step by the RIE method. As a result, this portion of the buried 
insulating ?lm 106 is removed in the form of a trench, and 
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step difference is produced in the buried insulating ?lm 106, 
Which further makes difficult the patterning in a later step. 

SUMMARY OF THE INVENTION 

The present invention provides a process for fabricating a 
semiconductor device comprising the steps of: forming an 
etching-stop layer on a semiconductor substrate; patterning 
the etching-stop layer so that the etching-stop layer remains 
in a region to be an active region and is removed from a 
region to be a device isolation region, folloWed by forming 
a trench in the region to be the device isolation region; 
depositing on the semiconductor substrate an insulating ?lm 
having a thickness greater than or equal to the depth of the 
trench; forming a resist pattern having an opening above the 
etching-stop layer above the active region adjacent to a 
device isolation region Whose Width is greater than or equal 
to a predetermined value, folloWed by etching the insulating 
?lm using the resist pattern as a mask; and polishing the 
insulating ?lm existing on the resulting semiconductor sub 
strate for ?attening after removing the resist pattern. 

In another aspect, the present invention provides a process 
for fabricating a semiconductor device comprising the steps 
of: forming an etching-stop layer on a Wafer providing a 
plurality of semiconductor substrates; patterning the 
etching-stop layer using a resist as a mask so that the 
etching-stop layer remains in a region to be an active region 
and in a peripheral region of the Wafer and is removed from 
a region to be a device isolation region, folloWed by forming 
a trench in the region to be the device isolation region; 
depositing on the Wafer an insulating ?lm having a thickness 
greater than or equal to the depth of the trench; forming a 
resist pattern having an opening above the etching-stop layer 
in the active region adjacent to a device isolation region 
Whose Width is greater than or equal to a predetermined 
value and in the peripheral region of the Wafer, folloWed by 
etching the insulating ?lm using the resist pattern as a mask; 
and polishing the insulating ?lm eXisting on the resulting 
Wafer for ?attening after removing the resist pattern. 

In other Words, in vieW of the above-described problems, 
an object of the present invention is to provide a process for 
fabricating a semiconductor device Which enables reproduc 
ible formation of a device isolation region from a buried 
insulating ?lm having a ?atter surface regardless of the 
Width of the device isolation region and an active region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) to 1(LD and 1(a‘) to 1(d‘) are schematic 
sectional vieWs of a major part illustrating an embodiment of 
the process for fabricating a semiconductor device of the 
present invention; 

FIGS. 2(6) to and 2(e‘) to 2(h‘) are schematic sectional 
vieWs of a major part illustrating an embodiment of the 
process for fabricating a semiconductor device of the present 
invention; 

FIGS. 3(a) and 3(b) are top plan vieWs of a Wafer 
illustrating an embodiment of the process for fabricating a 
semiconductor device of the present invention; 

FIGS. 4(a) and 4(b) are schematic sectional vieWs of a 
major part illustrating an embodiment of the process for 
fabricating a semiconductor device of the present invention; 

FIGS. 5(a) to 5(a') are schematic sectional vieWs of a 
major part illustrating a conventional process for fabricating 
a semiconductor device; 

FIG. 6 is a schematic sectional vieW of a major part 
illustrating a problem of the conventional process for fab 
ricating a semiconductor device shoWn in FIGS. 5(a) to 5(a'); 
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4 
FIG. 7 is a schematic sectional vieW of a major part 

illustrating another problem of the conventional process for 
fabricating a semiconductor device shoWn in FIGS. 5(a) to 
500; 

FIGS. 8(a) to 80‘) are schematic sectional vieWs of a 
major part illustrating another conventional process for 
fabricating a semiconductor device; 

FIGS. 9(a) and 9(b) are schematic sectional vieWs of a 
major part illustrating a problem of the conventional process 
for fabricating a semiconductor device shoWn in FIGS. 8(a) 
to 80‘). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The semiconductor substrate in the process for fabricating 
a semiconductor device of the present invention may be any 
semiconductor substrate Which is usually used for producing 
a semiconductor device. Materials for the semiconductor 
substrate are not particularly limited, including semiconduc 
tors such as silicon and gallium, and compound semicon 
ductors such as GaAs and InGaAs, for eXample. Among 
such materials, silicon is preferred. Here, the semiconductor 
substrate may be in the form of a Wafer providing a plurality 
of semiconductor substrates. 

First, an etching-stop layer is formed on the semiconduc 
tor substrate. The etching-stop layer functions as a stopper at 
the etching of a buried insulating ?lm, described later, Which 
is used for forming a device isolation region. Preferably, the 
etching-stop layer has a relatively large selective etching 
ratio to the buried insulating ?lm. The etching-stop layer 
may usually be formed of a silicon nitride ?lm. The thick 
ness thereof can be selected as necessary depending upon 
the selective etching ratio, etching method, etching rate and 
the like, but may be about 50 nm to 200 nm, for eXample. 
In the case Where the etching-stop layer is formed of silicon 
nitride, for eXample, the etching-stop layer may be formed 
by a CVD method using silane gas and nitrogen gas or by a 
like method. In the case Where the etching-stop layer is 
formed on the semiconductor substrate, a protective ?lm 
may be formed beforehand for protecting the surface of the 
semiconductor substrate. The protective ?lm may be formed 
of silicon oXide to a thickness of about 5 nm to 50 nm. 

In the case Where the substrate is used in the form of a 
Wafer, the etching-stop layer may preferably be formed also 
in a peripheral region of the Wafer Which region is not used 
as a semiconductor substrate. 

NeXt, the etching-stop layer is patterned. For patterning 
the etching-stop layer, for eXample, a resist pattern is formed 
to have an opening in a device isolation region-to-be and 
cover an active region-to-be by use of photoresist and then 
the etching-stop layer is etched using the resist pattern as a 
mask. 

In the case Where the semiconductor substrate is used in 
the form of a Wafer, it is preferable to cover the peripheral 
region of the Wafer With the resist pattern for preventing the 
etching-stop layer from being removed from the peripheral 
region. 

Subsequently, (a) trench(s) is/are formed in the device 
isolation region-to-be on the semiconductor substrate. This 
trench is to function as a device isolation region With the 
insulating ?lm buried therein. As a mask for forming the 
trench, the resist pattern used for pattering the above 
described etching-stop layer may preferably be continuously 
used. The depth of the trench may be selected as required 
depending on the function of a ?nished semiconductor 
device, voltage When the device is used, the siZe of the 
device and the like, but may be about 200 nm to 500 nm, for 
eXample. 
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Next, an insulating ?lm is formed on the semiconductor 
substrate. This insulating ?lm functions as the buried insu 
lating ?lm for forming the device isolation region. As 
materials for the insulating ?lm, a variety of substances can 
be used such as silicon oxide and silicon nitride. Because 
this insulating ?lm is required to ?ll the trench completely, 
the thickness of the insulating ?lm must be greater than or 
equal to the depth of the trench and is preferably greater than 
the sum of the depth of the trench and the thickness of the 
etching-stop layer. For example, Where the trench is about 
300 nm deep and the etching-stop layer is about 50 nm thick, 
the insulating ?lm may be about 400 nm to 600 nm thick, 
preferably about 500 nm thick. 

Next, a resist pattern having a desired con?guration is 
formed on the insulating ?lm. Here, in the case Where a Wide 
device isolation region, a narroW device isolation, a Wide 
active region and a narroW active region all or partly 
co-exist, the resist pattern has an opening in an active region 
adjacent to a device isolation region Whose Width is greater 
than or equal to a predetermined value, regardless of the 
Width of the active region. In other Words, the resist pattern 
is con?gured to cover over the device isolation region 
having a Width greater than or equal to the predetermined 
value. If there is a device isolation region Whose Width is 
smaller than the predetermined value, the resist pattern 
preferably has (an) opening(s) above the device isolation 
region having a Width smaller than the predetermined value 
and an active region adjacent to this device isolation region. 

In the case Where the semiconductor substrate is used in 
the form of a Wafer, the resist pattern may preferably have 
an opening in the peripheral region of the Wafer. 

Further, the opening formed in the active region adjacent 
to the device isolation region Whose Width is greater than or 
equal to the predetermined value may be someWhat larger or 
smaller than the active region, but may preferably be sub 
stantially as large as the active region. Here, the “predeter 
mined value” means such a Width that is likely to alloW the 
dishing phenomenon to occur in the conventional ?attening 
process. Such a value can be determined mainly from the 
depth of the trench and the thickness of the insulating ?lm 
formed on the semiconductor substrate in the previous steps. 
For example, the value may be about tWice as large as the 
thickness of the insulating ?lm Which has been determined 
according to the depth of the trench. 

Subsequently, the insulating ?lm is etched using the resist 
pattern as a mask by using conventional etching methods. 
Preferably the insulating ?lm is etched to a degree such that 
the surface of the etched insulating ?lm is loWer than the 
surface of the insulating ?lm existing in the device isolation 
region having a Width greater than or equal to the predeter 
mined value, more preferably to such a degree that the 
surface of the etching-stop layer is not completely exposed, 
that is, to a degree such that the insulating ?lm remains on 
the etching-stop layer. 
By etching the insulating ?lm in this manner, a steep 

convex of the insulating ?lm is formed around the active 
region adjacent to the device isolation region having a Width 
greater than or equal to the predetermined value, While loss 
of the insulating ?lm by etching can be avoided on the 
surface of the device isolation region having a Width greater 
than or equal to the predetermined value because this surface 
is covered With the resist pattern. 

Subsequently, the insulating ?lm remaining on the result 
ing semiconductor substrate is polished for ?attening after 
the resist pattern is removed. At this time, the insulating ?lm 
is polished in such a manner that the surface of the etching 
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6 
stop layer is completely exposed in the active region (on the 
etching-stop layer)by using CMP method, for example. 

If the surface of the insulating ?lm is etched in the 
previous step to a level loWer than the surface of the 
insulating ?lm existing in the device isolation region having 
a Width greater than or equal to the predetermined value, 
degree of over-etching can be minimiZed since polishing in 
this step can be easily controlled according to the thickness 
of the insulating ?lm. Accordingly, even if over-etching 
takes place above the etching-stop layer, the over-etching 
can be effectively and surely prevented by the etching-stop 
layer. In addition to that, since the insulating ?lm is etched 
beforehand in the previous step, time necessary for this 
polishing step can be shortened, Whereby variations in 
polishing amount over the surface, dependence on the pat 
tern and the dishing phenomenon can be reduced. 
The process for fabricating a semiconductor of the present 

invention is noW discussed in further detail With reference to 
the attached draWings. 

In an embodiment of the invention, explanation is given 
to a process for fabricating a semiconductor device includ 
ing a region Where the Width for device isolation is large as 
Well as a region Where the Width for device isolation is small 
such as a memory cell. 

First, as shoWn in FIGS. 1(a) and 1(a‘), a pad oxide ?lm 
302 (402) of 10 nm thickness is formed in a region 301 
Where the Width for device isolation is large and a region 401 
Where the Width for device isolation is small on a P-type 
semiconductor substrate. Then a nitride ?lm of 80 nm 
thickness is formed as an etching-stop layer 303 (403) on the 
pad oxide ?lm. Subsequently, a resist is applied onto the 
etching-stop layer and patterned into a desired con?guration 
to form a resist pattern 311 (411). Using the resist pattern 
311(411) as a mask, the etching-stop layer 303 (403) and the 
pad oxide ?lm 302 (402) are sequentially removed by 
etching from a device isolation region-to-be, While the 
etching-stop layer (303) 403 and the pad oxide ?lm 302 
(402) are retained on an active region-to-be. 

Next, as shorn in FIGS. 1(b) and 1(b‘), using the resist 
pattern 311 (411) as a mask, the semiconductor substrate 301 
(401) is etched to form a trench 304 (404) of about 300 nm 
depth. Thereby, a mesa portion is formed just under the 
etching-stop layer 303 (403) on the semiconductor substrate 
301 (401). Referring to FIG. 3(a), on a Wafer provided With 
a plurality of semiconductor substrates, the peripheral por 
tion of the Wafer is not etched because the peripheral portion 
is covered With a resist pattern 311 (411). Then the resist 
patterns 311 (411) are removed, and an oxide ?lm 305 (405) 
of 10 nm thickness is formed in the trench 304 (404). 

Then, as shoWn in FIGS. 1(c) and 1(c‘), a buried insulating 
?lm 306 (406) of about 500 nm thickness is deposited on the 
semiconductor substrate 301 (401) including the etching 
stop layer 303 (403) and the trench 304 (404). At this stage, 
a convex portion 306a (406a) is formed in the buried 
insulating ?lm 306a (406a) on and around the etching-stop 
layer 303 (403) on the semiconductor substrate 301 (401). 
The surface of the convex portion is higher than the surface 
of the buried insulating ?lm 306 (406) in other regions. 

Then, as shoWn in FIGS. 1(a) and 1(a"), a resist is applied 
onto the resulting substrate 301 (401) and patterned into a 
desired con?guration to form a resist pattern 312. The 
con?guration of the resist pattern 312 has an opening above 
the etching-stop layer 303 on the region 301 Where the Width 
for device isolation is large (i.e., an active region adjacent to 
a device isolation region having a Width greater than or equal 
to the predetermined value) as Well as an opening on a 
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region 401 Where the Width for device isolation is small. 
Referring to FIG. 3(b), the resist pattern has an opening in 
the peripheral region of the Wafer and the peripheral region 
of the Wafer is not covered With the resist pattern. Here, the 
large Width for device isolation is about double the thickness 
of the buried insulating ?lm 306 (406) or more. Where the 
Width for device isolation is greater than the double of the 
thickness of the buried ?lm 306 (406), the surface of the 
buried insulating ?lm 306 on the trench 304 is loWer than the 
surface of the buried insulating ?lm 306 on the etching-stop 
layer 303 (see FIG. 1(c)). In such a case, the resist pattern 
312 needs to cover the trench 304, Which Will be the device 
isolation region, to prevent the buried insulating ?lm 306 on 
the trench 304 from being etched. 

Subsequently, using the resist pattern 312 as a mask, the 
buried insulating ?lm 306 (406) is etched by using conven 
tional method. This etching is so performed to remove a 
central portion of the conveX 306a of the buried insulating 
?lm 306 on the etching-stop layer 303, Which Will be the 
active region, and leave an oXide ?lm 308 of about 50 nm 
thickness on the etching-stop layer 303. Thereby a steep 
conveX 307 is formed in the buried insulating ?lm 306 
eXisting around the etching-stop layer 303. In the region 
(401) Where the resist pattern 312 is not present, the entire 
surface of the buried insulating ?lm 406 is etched, and an 
oXide ?lm 408 is left on the etching-stop layer 403, having 
almost the same thickness as the oXide ?lm 308. 

As regards the region 301 Where the Width for device 
isolation of the semiconductor substrate is large, the etching 
is so performed to leave an oXide ?lm 308 of about 50 nm 
thickness on the etching-stop layer 303, as shoWn in FIG. 
4(b), even if the active region has a large Width (i.e., a Width 
that is likely to alloW the dishing phenomenon to occur in the 
conventional ?attering process though such Width differs 
depending on the pattern of active regions and device 
isolation regions around the active region). Thereby a steep 
conveX 307 is formed in the buried insulating ?lm around 
the etching-stop layer 303. 
When the central portion of the conveX 306a of the buried 

insulating ?lm 306 is etched, the top surface of the oXide 
?lm 308 remaining on the etching-stop layer 303 is prefer 
ably loWer than the top surface of the buried insulating ?lm 
306 in the trench 304. In this embodiment, the top surface of 
the buried insulating ?lm 306 in the trench 304 is 500 nm 
high from the surface of the semiconductor substrate 301, 
While the top surface of the oXide ?lm 308 remaining on the 
etching-stop layer 303 is 440 nm high. 

In other expression, this relation can be represented by the 
folloWing formula: 

Wherein A is the thickness of the buried insulating ?lm 
306 in the trench 304 from the top surface of the 
etching-stop layer 303 and B is the thickness of the 
oXide ?lm 308 remaining on the etching-stop layer 303, 
as shoWn in FIGS. 4(a) and 4(b). 

If such conditions are satis?ed, even taking variations in 
the thickness of the insulating ?lm When produced into 
consideration, independently of the area (Width) of the active 
region, the thickness of the buried insulating ?lm required to 
be polished in the neXt step (the optimum polishing amount) 
is A Where the active region has a small area as shoWn in 
FIG. 4(a), because the device isolation region occupies a 
greater proportion and the small active region is regarded as 
the device isolation region so that the polishing proceeds for 
the device isolation region. Where the active region has a 
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8 
large area as shoWn in FIG. 4(b), the optimum polishing 
amount is required greater than the B, Which is the remained 
oXide ?lm 308 on the etching-stop layer 303 and therefore 
about A, because the device isolation region occupies a 
smaller proportion and this area is regarded as the same as 
an area Where only the active region eXists. For the above 
reasons, even the area Where the active region has a larger 
area is eXposed to a polishing of deepness A. HoWever, since 
the etching-stop layer 303 has a large area, the area can stand 
over-etching of A minus B. 

Then, as shoWn in FIGS. 2(6) and 2(6), the buried 
insulating ?lm 306 (406) and the oXide ?lm 308 (408) are 
polished by the CMP method until the etching-stop layer 303 
(403) is eXposed. Thereby, it is possible to make substan 
tially even an eXposed surface 306b (406b) of the buried 
insulating ?lm 306 (406) and an eXposed surface 303a 
(403a) of the etching-stop layer 303 (403). 

Then, as shoWn in FIGS. 2(}‘) and 2(f), the etching-stop 
layer 303 (403) and the pad oXide ?lm 302 (402) are 
removed, and a gate oXide ?lm 309 (409) of 10 nm thickness 
is formed on the active region by thermal oXidation. 

Subsequently, as shoWn in FIGS. 2(g) and 2(g‘), a poly 
silicon ?lm 310 (410) is deposited to a thickness of 200 nm, 
Which is a material for a gate electrode and is doped With 
phosphorous as impurities. Then a resist pattern 313 (413) is 
formed. 

Then, as shoWn in FIGS. 2(h) and 2(h‘), the polysilicon 
?lm 310 (410) is patterned to obtain the gate electrode 310a 
(410a) using the resist pattern 313 (413) as a mask. 

According to the process for fabricating a semiconductor 
device the present invention, even in the case Where device 
isolation regions different in Width and active regions dif 
ferent in Width exist together in a pattern for a semiconduc 
tor device, the device isolation regions can be formed of 
buried insulating ?lms Whose surfaces are ?attened With 
good reproducibility regardless of the Widths of the device 
isolation regions and the active regions. 

Especially if the insulating ?lm is etched beforehand so 
that the surface of the partially etched insulating ?lm is 
loWer than the surface of the insulating ?lm in a device 
isolation region Wider than or equal to a predetermined 
value, polishing time necessary for eXposing the surface of 
the etching-stop layer can be easily controlled according to 
the thickness of the buried insulating ?lm even in the area 
including a Wide device isolation region. Therefore, it has 
become possible to obtain a semiconductor device of high 
accuracy in Which the ?atness is improved. 
Even Where the device isolation region and/or the active 

region are/is Wide, it is also possible to control the time of 
polishing the buried insulating ?lm for ?attening as 
described-above. Therefore, a buried insulating ?lm can be 
formed Which is ?attened With better accuracy. 

Moreover, since the insulating ?lm is partially etched in 
advance, the polishing time for ?attening can be reduced. 
Therefore, the etching-stop layer against over-etching can be 
formed thinner, Which Will lead to reduction in production 
costs. 

Further, since polishing can be Well controlled and can be 
done in a shorter time, the dishing phenomenon Which has 
been a problem With the conventional process can be pre 
vented. Therefore, it is possible to avoid an increase in the 
capacity betWeen the substrate and the interconnections. It 
has also become easier to pattern a connection layer and a 
gate electrode, Which Will lead to production of semicon 
ductor device of high reliability. 

Usually, When the CMP method is used, the polishing rate 
is faster in the periphery of the Wafer and therefore the 
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thickness of the device isolation regions after being polished 
are poor in uniformity in the Wafer. According to the method 
of the invention, on the other hand, the resist pattern is left 
in the periphery of the Wafer for the purpose of preventing 
the periphery from being polished When the trench is formed 
for the device isolation region. Thus stopper ef?ciency 
(selective ratio) in the periphery of the Wafer can be 
improved. Further, When the buried insulating ?lm is 
?attened, the periphery of the Wafer can be polished after the 
buried insulating ?lm is partially etched on the etching-stop 
layer. The evenness of the Whole surface of the Wafer can be 
improved. 
What is claimed is: 
1. Aprocess for fabricating a semiconductor device com 

prising: 
forming an etching-stop layer on a semiconductor sub 

strate; 
patterning the etching-stop layer so that the etching-stop 

layer remains in a region to be an active region and is 
removed from a region to be a device isolation region, 
folloWed by forming a trench in the region to be the 
device isolation region; 

depositing on the semiconductor substrate an insulating 
?lm having a thickness greater than the depth of the 
trench; 

forming a resist pattern covering a substantial portion of 
a device isolation region Whose Width is at least as great 
as a predetermined value, said resist pattern having a 
?rst opening above the active region adjacent to the 
device isolation region Whose Width is at least as great 
as a predetermined value and a second opening above 
both a) another device isolation region Whose Width is 
smaller than the predetermined value and b) another 
active region on Which the etching-stop layer also 
remains adjacent to said another device isolation 
region, folloWed by etching the insulating ?lm via the 
?rst and second openings in the resist pattern using the 
resist pattern as a mask so that both a top surface of 
the insulating ?lm remaining on a portion of the etching 
stop layer and (ii) a top surface of the insulating ?lm 
remaining in or on said another device isolation region 
are each at an elevation(s) less than an elevation of the 
loWest top surface of the insulating ?lm in the device 
region Whose Width is at least as great as the predeter 
mined value; and 

polishing the insulating ?lm existing on the resulting 
semiconductor substrate for ?attening after removing 
the resist pattern. 

2. The process according to claim 1, Wherein the insulat 
ing ?lm has a thickness greater than the sum of the depth of 
the trench and the thickness of the etching-stop layer. 

3. The process according to claim 1, Wherein the prede 
termined value is double the thickness of the insulating ?lm 
or more. 

4. The process according to claim 1, Wherein the insulat 
ing ?lm comprises a silicon oxide ?lm. 

5. The process according to claim 1, Wherein the etching 
stop layer comprises a silicon nitride ?lm. 

6. The process according to claim 1, Wherein the polishing 
is performed by a CMP method. 

7. The process of claim 1, Wherein respective heights or 
elevations of each of the top surface of the insulating ?lm 
remaining on a portion of the etching stop layer and (ii) the 
top surface of the insulating ?lm remaining in or on said 
another device isolation region are approximately the same. 

8. Aprocess for fabricating a semiconductor device com 
prising: 
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10 
forming an etching-stop layer on a Wafer providing a 

plurality of semiconductor substrates; 
patterning the etching-stop layer using a resist as a mask 

so that the etching-stop layer remains in a region to be 
an active region and in a peripheral region of the Wafer 
and is removed from a region to be a device isolation 
region, folloWed by forming a trench in the region to be 
the device isolation region; 

depositing on the Wafer an insulating ?lm having a 
thickness greater than or equal to the depth of the 
trench; 

forming a resist pattern covering a substantial portion of 
a device isolation region Whose Width is at least as great 
as a predetermined value, said resist pattern having a 
?rst opening above the etching-stop layer in the active 
region adjacent to a device isolation region Whose 
Width is greater than a predetermined value and a 
second opening above both a) another device isolation 
region Whose Width is smaller than the predetermined 
value and b) another active region adjacent to said 
another device isolation region on Which the etching 
stop layer also remains, folloWed by etching the insu 
lating ?lm using the resist pattern as a mask so that both 
(i) a top surface of the insulating ?lm remaining on a 
portion of the etching stop layer and (ii) a top surface 
of the insulating ?lm remaining in or on said another 
device isolation region are each at an elevation(s) less 
than an elevation of the loWest top surface of the 
insulating ?lm in the device region Whose Width is at 
least as great as the predetermined value; and 

polishing the insulating ?lm existing on the resulting 
Wafer for ?attening after removing the resist pattern. 

9. The process of claim 8, Wherein respective heights or 
elevations of each of the top surface of the insulating ?lm 
remaining on a portion of the etching stop layer and (ii) the 
top surface of the insulating ?lm remaining in or on said 
another device isolation region are approximately the same. 

10. Aprocess for fabricating a semiconductor device, the 
method comprising: 

forming an etching-stop layer on a semiconductor sub 
strate; 

patterning the etching-stop layer so that the etching-stop 
layer is removed from a region to be a device isolation 
region; 

forming a trench in the region to be a device isolation 
region; 

depositing on the semiconductor substrate an insulating 
?lm having a thickness greater than a depth of the 
trench; 

forming a resist pattern covering a substantial portion of 
a device isolation region Whose Width is at least as great 
as a predetermined value, said resist pattern having a 
?rst opening adjacent to the device isolation region 
Whose Width is at least as great as a predetermined 
value and a second opening above both a) another 
device isolation region Whose Width is smaller than the 
predetermined value and b) another active region adja 
cent to said another device isolation region, folloWed 
by etching the insulating ?lm via the ?rst and second 
openings in the resist pattern so that both a top 
surface of the insulating ?lm remaining on a portion of 
the etching stop layer and (ii) a top surface of the 
insulating ?lm remaining in or on said another device 
isolation region are each at an elevation(s) less than an 
elevation of the loWest top surface of the insulating ?lm 
in the device region Whose Width is at least as great as 
the predetermined value; 
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removing the resist pattern; and 
polishing the insulating ?lm after removing the resist 

pattern. 
11. A process for fabricating a semiconductor device 

comprising: 
forming an etching-stop layer on a semiconductor sub 

strate; 
patterning the etching-stop layer so that the etching-stop 

layer remains in a region to be an active region and is 
removed from a region to be a device isolation region, 
folloWed by forming a trench in the semiconductor 
substrate in the region to be the device isolation region; 

depositing on the semiconductor substrate and over the 
patterned etching stop layer an insulating ?lm having a 
thickness greater than the depth of the trench; 

forming a resist pattern having an opening above the 
active region adjacent to a device isolation region 
Whose Width is at least as great as a predetermined 
value that is at least double the thickness of the insu 

15 

12 
lating ?lm, folloWed by etching the insulating ?lm 
using the resist pattern as a mask so that both a top 
surface of the insulating ?lm remaining on a portion of 
the etching stop layer and (ii) a top surface of the 
insulating ?lm remaining in another smaller device 
isolation region are each at an elevation(s) less than an 
elevation of the loWest top surface of the insulating ?lm 
in the device region Whose Width is at least as great as 
the predetermined value; and 

polishing the insulating ?lm eXisting on the resulting 
semiconductor substrate for ?attening after removing 
the resist pattern. 

12. The process of claim 11, Wherein respective heights or 
elevations of each of the top surface of the insulating ?lm 
remaining on a portion of the etching stop layer and (ii) the 
top surface of the insulating ?lm remaining in or on said 
another device isolation region are approximately the same. 

* * * * * 


